The processes leading to the birth of low-mass stars such as our Sun have been well studied 1 , but the formation of high-mass (over eight times the Sun's mass, M ( Þ stars remains poorly understood 2 . Recent studies suggest that high-mass stars may form through accretion of material from a circumstellar disk 3 , in essentially the same way as low-mass stars form, rather than through the merging of several low-mass stars 4 . There is as yet, however, no conclusive evidence 5,6 . Here we report the presence of a flattened disk-like structure around a massive 15M ( protostar in the Cepheus A region, based on observations of continuum emission from the dust and line emission from the molecular gas. The disk has a radius of about 330 astronomical units (AU) and a mass of 1 to 8 M ( : It is oriented perpendicular to, and spatially coincident with, the central embedded powerful bipolar radio jet, just as is the case with low-mass stars, from which we conclude that high-mass stars can form through accretion.
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Previously reported disk-like structures associated with high-mass stars, which are more than twice as far away as low-mass stars, have typical sizes of several thousands of AU. Furthermore, in such sources, the presence of thermal jets at scales of a few hundred AU has not been demonstrated, in part owing to the lack of sufficient angular resolution. Consequently, it has not been possible to identify and isolate a good example of a high-mass protostar with a disk-jet system [7] [8] [9] . The recently reported massive disk in M17-S01 (ref. 5), based on near-infrared observations of the disk in silhouette against the bright background light of the ionized region and in emission lines of carbon monoxide (CO), has subsequently been shown to be in fact a much lower-mass disk ð0:09M ( ; ref. 6 ). In the former study 5 , uncertainty resulted from (1) insufficient angular resolution (8 00 ), (2) observations of molecular species that are probably optically thick and tracers of low-density gas (CO and its isotopes, 13 CO and C 18 O), and (3) the absence of an independent means of inferring the presence of a high-mass protostar, such as bright radio continuum emission and/or luminous water maser sources.
Cepheus A is a well-studied high-mass star-forming region in the Cepheus OB3 complex 10, 11 . The bolometric luminosity of this highmass star-forming region is about 2:5 £ 10 4 L ( (ref. 12). Half of this luminosity is attributed to the HW2 object, the brightest radio continuum source in the field, which is considered to be a B0.5 spectral type protostar of 15M ( (refs 13-16) and is the most probable exciting source of a powerful extended bipolar molecular outflow 17, 18 . The radio continuum flux density of about 40 mJy at 1.3cm wavelength 16 would correspond to a flux density of about 0.8 Jy if the source were at the distance of a typical low-mass star-forming region such as the Taurus molecular cloud (160 pc). This would be LETTERS Figure 1 | Emission from the Cepheus A HW2 protostar. Dust continuum emission at 327 GHz is shown in the image, ranging linearly from 0 to 1.5 Jy beam 21 , and the integrated intensity in the CH 3 CN J ¼ 18-17 (K ¼ 0,1,2,3) line emission from 235 to 30 km s 21 line-of-sight velocities is shown with the contour (levels from 5 to 40 Jy beam 21 km s 21 in steps of 5 Jy beam 21 km s 21 ). CH 3 CN has been shown to trace high-density (10 6 cm 23 ) gas in massive star-forming regions 25, 30 . The SMA beam size was 0.8 00 £ 0.7 00 with a position angle of 278.68 (left lower corner). This angular resolution is by far the highest reached at submillimetre wavelength observations (for example, compared to single-dish observations, we have more than an order of magnitude greater angular resolution). Blue contours show the 3.6-cmwavelength continuum emission from a well-collimated jet, whereas red contours show the 1.3-cm-wavelength continuum emission from the inner part of the jet 16, 20 . The protostar is believed to be located at the origin of this elongated jet. The absolute astrometric error in the alignment of the VLA and SMA observations is .0.2 00 . The elongation in both dust and CH 3 CN emission is nearly perpendicular to the circumstellar thermal jet, strongly supporting the disk interpretation. The deconvolved disk radius is .330 AU. The submillimetre observations were carried out using seven of the eight available antennas of the SMA in the extended array configuration with a maximum baseline of 226 m. The observations were made on 30 August 2004. With the receivers tuned to 321 GHz, we had the CH 3 CN J ¼ 18-17, K ¼ 0,1,2,3…9 lines in the upper sideband and the 10 29 -9 36 water maser transition in the lower sideband. Submillimetre water masers were found to be associated with the HW2 and HW3c sources (N.A.P. et al., manuscript in preparation). about a hundred times brighter than typical low-mass protostars at that distance. Also associated with HW2 is a 'biconical thermal radio jet' at the size scale of . 1 00 ð. 725 auÞ; with the ionized gas exhibiting proper motions with velocities $500 km s 21 along the axis of the jet 14, 19, 20 . In addition, we estimate that the luminosity of the masers associated with HW2 (ref. 21 ) is L H2O $ 3 £ 10 26 L ( ; which is ,10 3 to 10 5 times more luminous than water masers associated with low-mass stars 22 . These comparisons strongly imply that HW2 is a high-mass protostar.
Our new sub-arcsecond angular resolution Submillimeter Array (SMA) 23 observations towards HW2 have spatial resolution and sensitivity to dust emission far superior to those of existing submillimetre observations made with single-dish telescopes or interferometric observations made at millimetre and centimetre wavelengths. This allowed us to image directly the compact circumstellar disk surrounding HW2 at the scale of a few hundred AU, and to define its physical properties. Figure 1 shows an overlay of the dust continuum emission at 327 GHz and the integrated intensity in the methyl cyanide CH 3 CN J ¼ 18-17 line emission. The dust continuum emission was imaged by selecting spectrometer channels free of line emission. The deconvolved source radius is 330 AU (0.45 00 ) in dust continuum emission, and 580 AU (0.8 00 ) in CH 3 CN line emission. The integrated flux density from the dust emission is 2.0 Jy^0.1 Jy. The gaussian-fitted positions of the dust and CH 3 CN emission peaks agree well to within a tenth of an arcsecond. The sizes, orientations and other characteristics are summarized in Table 1 . By examining the visibility amplitudes as a function of baseline distance, we have confirmed that this flattened structure is well resolved along its major axis and partially resolved along its minor axis.
The free-free continuum emission from the thermal jet at 1.3-and 3.6-cm wavelengths, observed with the Very Large Array (VLA), is also shown in Fig. 1 . The 1.3-cm wavelength continuum emission traces the inner part of the jet, with the protostellar source most probably at its geometric centre 16, 19 . The position angle of the thermal jet at both 1.3-and 3.6-cm wavelengths is ,458. A large-scale extended (,1 0 ) bipolar outflow mapped in HCO þ J ¼ 1-0 emission is centred at the position of HW2 (ref. 17 ) and has the same orientation as the much smaller-scale centimetre wavelength continuum jet. The size and morphology of the dust and gas emission are in good agreement with each other and the elongation in both these emissions is seen to be nearly perpendicular to, and peaking on, the biconical circumstellar thermal jet. This strongly supports the disk interpretation for the flattened structure seen in the dust and CH 3 CN emission. From these observations of the jet and outflow at various wavelengths, the existence of such a disk might be expected, since outflows in low-mass stars are launched from the inner portions of the rotating disks according to theoretical models (see ref. 24) . Although these models are for low-mass stars, our observational results suggest that outflows in high-mass stars may be produced in a similar fashion. Figure 2 shows a position-velocity diagram along the major axis of the elongated emission seen in the CH 3 CN lines. From this diagram we see a velocity gradient of . 6 km s 21 over 0.5 00 (considering the largest velocity shift from the central position). We interpret this velocity gradient to be due to gravitationally bound rotational motion. The dynamical mass enclosed within a radius r with rotational velocity v r is given by v 2 r r=G; where G is the gravitational constant. The observed velocity (along the line of sight) is v ¼ v r sin ðiÞ; where i is the inclination angle of the disk axis with respect to the line of sight. From the mean value of the observed aspect ratio of gas and dust disk as listed in Table 1 (that is, assuming a circular disk) we estimate the inclination angle to be . 628; and therefore a binding mass of 19^5M ( : This implies that the observed motions can be bound by the central high-mass protostar. In addition, from the line ratios of the CH 3 CN K components we can estimate the temperature of the gas 25 . We assume optically thin emission and a single value of temperature along the line of sight. From the ratios of the peak intensities of the K ¼ 3 and K ¼ 2 components, we find that the temperature varies along the major axis of the disk from ,25 to ,75 K, with the northwest part of the disk relatively cooler and the southeast and central parts of the disk relatively hotter. The linewidth also appears to be greater at the latter positions.
With the present angular resolution we are unable to map in detail the temperature and kinematics of the gas in the disk, but we can make rough estimates of its mass. If we assume that the dust is optically thin, we can estimate the gas mass of the disk 26 assuming the gas-to-dust ratio of 100, gas temperature of 50 K (from analysis of methyl cyanide lines) and the measured 900 mm continuum flux density of 2.0 Jy. We also need to know the grain emissivity spectral index b for the dust emission. We obtain a mass estimate for the gas disk to be 1M ( for b ¼ 1 (ref. 27 ) and 8M ( for b ¼ 2 (ref. 28 ). Some of this mass could be in a rotationally flattened infalling envelope instead of being in the disk but we note that the observed size of the disk in HW2 is in good agreement with the range of .400 to 600 AU for the centrifugal radius (the radius where disk formation is expected to occur) derived from a recent fitting of flattened infalling envelope models to the observed spectral energy distribution of high- 21 . The position offset is measured along the major axis, with positive offset corresponding to the southeast part and negative offset towards the northwest part of the disk. The 0 00 position offset corresponds to the peak of the integrated intensity. The K ¼ 0 and 1 components are blended. K ¼ 4 and higher lines were not detected. The reference frequency was chosen to be at the J ¼ 18-17, K ¼ 2 line of CH 3 CN. We interpret the velocity shift of ,6 km s 21 over 0.5 00 seen in the K ¼ 2 and K ¼ 3 emission to be due to rotational motion and estimate a binding mass of 19^5M ( . LSR, local standard of rest.
mass protostars 29 . All these results support theoretical models of high-mass star formation via an accretion process occurring in a disk around the protostar, accompanied by a bipolar outflow (much like low-mass stars), rather than by models that require merging of several low-mass stars.
